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Abstract
In this paper, two dilatonic fields that capture two conformal sym-
metries in the Georgi-Glashow SU(5) model are introduced. Then,
one of the fields is associated with the Higgs, and the other one with
inflation. By using the Higgs portal, the mass of the dilatonic Higgs
can be tuned by the coupling constant between the two dilatonic fields.
1
1 Introduction
An explanation for the existence of a light Higgs is still missing. Various ap-
proaches have been proposed. One candidate is a dilaton: a Goldstone Boson
(GB) that emerges when conformal invariance is spontaneously broken. In
a strongly coupled electroweak symmetry breaking (EWSB) sector, the con-
formal breaking scale f is not necessarily equal to ν ≃ 246GeV . When the
dilaton is realized non-linearly, it couples to the Standard Model (SM) at
the classical level similar to the Higgs [1]. For more literature review about
dilatons and scale invariance in particle physics [2].
In this paper, a dilatonic field φ is added as a conformal compensator to make
the SU(5) Lagrangian conformally invariant. We will have a potential V (φ)
for φ, in addition to the potential V (χ) that is associated with the dilaton
field χ that makes the electroweak chiral Lagrangian conformally invariant
as in [1]. A potential term V (φ, χ) is introduced, and it represents couplings
between the two dilatonic fields and respects discrete symmetry φ ↔ −φ,
χ ↔ −χ. Once φ picks up a vacuum expectation value, the dilatonic Higgs
would acquire a mass through the Higgs portal [3][4] for a given coupling
constant.
In the first section, we review how the dilatonic field χ couples to the elec-
troweak chiral Lagrangian, then demonstrate how the dilatonic field φ couples
to the SU(5) Lagrangian. In the second section, a potential is suggested that
shows how the dilatonic Higgs can acquire a small mass through the Higgs
portal.
2 Couplings to the Electroweak Chiral La-
grangian and SU(5)
A field χ(x) is introduced as a conformal compensator to make a Lagrangian
conformally invariant. Consider a general Lagrangian in the basis of anomolous
dimension eigenoperators L = ∑i gi(µ)Oi(x). If λ : xµ → eλxµ, then the
eigenoperators should transform as Oi(x) → eλdiOi(eλx) where [Oi] = di.
Hence, λ : χ(x) → eλχ(eλx), and we can generalize it in L as gi(µ) →
gi
(
µχ
f
)(
χ
f
)4−di
. Let f = 〈χ〉 be the order parameter where conformal sym-
metry breaks. Conformal symmetry breaking has a GB χ(x) = feσ(x)/f
where σ(x) transforms non-linearly as σ(x)
f
→ σ(eλx)
f
+ λ.
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In order to make the electroweak chiral Lagrangian conformally invariant at
the classical level, a conformal compensator χ/f with the appropriate power
multiplies the terms of the Lagrangian as [1][5]
LχSM =
(
2
χ¯
f
+
χ¯2
f 2
)[
m2WW
+
µ W
−µ +
1
2
m2ZZµZ
µ
]
+
χ¯
f
∑
ψ
mψψ¯ψ (1)
where χ¯(x) = χ(x) − f and we expanded about 〈χ〉 = f . Hence, to make
the Lagrangian conformally invariant, we make the substitution ν → ν χ
f
.
In SU(5), we incorporate a conformal compensator φ/F , where F is the
conformal breaking scale, as
Lφ,SU(5) =
(
2
φ¯
F
+
φ¯2
F 2
)[
m2XXµX
µ +m2Y YµY
µ
]
(2)
where X and Y are leptoquarks with massesmX = mY =
5g5
2
√
2
ν24 ∼ 1015GeV ,
and φ¯(x) = φ(x)−F and we expanded about 〈φ〉 = F . In order to make the
Lagrangian (2) conformally invariant, we can make the substitution ν24 →
ν24
φ
F
. Note that both χ and φ have self-interactions terms of the form
Lχ = 1
2
∂µχ∂
µχ+
c4
(4piχ)4
(∂µχ∂
µχ)2 + ... (3)
Lφ = 1
2
∂µφ∂
µφ+
d4
(4piφ)4
(∂µφ∂
µφ)2 + ... (4)
where the constants c4, d4 ∼ O(1) are determined by the underlying CFT by
the a-theorem [6] [7].
3 A Light Dilatonic Higgs in SU(5)
Let us propose a potential of the form
V˜ (φ, χ) = V (φ) + V (φ, χ) + V (χ) (5)
where
V (φ) = Aφ4
[
ln
( φ
F
)
− 1
4
]
(6)
V (φ, χ) = −cχ2φ2 (7)
V (χ) =
λχ4
4!
(8)
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where A =
m2
φ
4F 2
∼ g45. The potential V (φ) is defined such as
V ′(φ) = 0 ⇒ 〈φ〉 = F (9)
d2V (φ)
dφ2
∣∣∣∣∣
φ=〈φ〉
= m2φ (10)
V (φ) in (6) is a potential for the dilatonic field φ that acts as a conformal
compensator in a CFT of the leptoquarks in SU(5). V (χ) in (8) is a potential
for the dilatonic field χ that acts as a conformal compensator in a CFT of
the SM. And finally, V (φ, χ) in (7) is a term that couples φ and χ which is
called the Higgs portal with a negative sign.
Substituting (9) in (5)
V˜
∣∣∣
φ=〈φ〉
= − 1
16
F 2m2φ − cF 2χ2 +
λ
4!
χ4 (11)
Now we can identify the Higgs portal term with the dilatonic Higgs mass as
1
2
m2χ = cF
2 (12)
In order to produce a light Higgs (∼ 125 GeV ) with 〈φ〉 ∼ 1.44× 1015 GeV ,
the coupling constant must be small; that is to say, c = 3.7676× 10−27.
Note that V (φ) is a Coleman-Weinberg type potential [8]. Another possible
V (φ) is a φ4 potential, and it would be associated with chaotic inflation.
There were previous attempts in the literature where the authors introduced
an SU(5) singlet that couples to H5 and Φ to produce inflation without
coupling it to gravity [9], or they proposed that the Higgs is the inflaton [10]
[11]. The field φ can be coupled to gravity as
S =
∫
d4x
√−g
(
1 + κ2φ2ξ
2κ2
R − 1
2
φ;µφ
;µ − V (φ)
)
(13)
where κ−1 = Mp = 2.4 × 1018GeV and ξ is the non-minimal coupling. Af-
ter performing conformal transformation, the potential can be related to the
slow-roll parameters in inflation [12]. V (φ) in (6) can produce a 60 e-fold
inflation, and is consistent with Planck results [13] [14]. Therefore, the dila-
tonic field φ can be considered as the inflaton that emerges out of conformal
invariance at the tree level of leptoquarks in SU(5), and gives a light mass
to a dilatonic Higgs through the Higgs portal.
4
4 Conclusion
In this paper, a dilatonic field φ emerges as a GB of conformal invariance of
leptoquarks in SU(5). The Higgs is considered to be a dilaton χ as in [1].
The dilatonic Higgs acquires its mass through the Higgs portal. Hence, this
model can produce a light dilatonic Higgs and inflation consistent with Planck
results by introducing a dilatonic field that captures conformal symmetry at
the tree level of leptoquarks in SU(5).
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